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Abstract 
The paper researches the application situation of evaporating cooling technique in clothing workshop located at the hyperthermia 
and humidity condition through analyzing a clothes factory with a direct evaporative cooling air condition in Xiamen. The 
temperature, humidity and comfort of clothing workshop are researched while the outdoor temperature is 35ć. It is also 
compared the initial investment, energy consumption and power usage with traditional mechanical refrigeration system. The 
result shows that the direct evaporative cooling system improves the thermal environment of workshop more efficient than the 
traditional mechanical refrigeration system. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
With the improvement of life quality, the requirement of working condition becomes more and more high, and it 
causes great pressure to energy and environment. The electricity shortage phenomenon is a hot topic in China. The 
building energy consumption accounts for more than 30% of the total energy consumption of electric power in China 
(of which air conditioning energy consumption in buildings accounts for more than half) [1], while Chinese energy 
utilization rate is only 30% [2]. In the environmental, the major energy of artificial refrigeration is produced with 
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fossil fuels which cause plenty of SO2 and CO2. The Freon (CFCs), which is widely used in mechanical air 
conditioning refrigerating system, not only destroy the atmospheric ozone layer, but also produce the greenhouse 
effect [3].The Cooling technique of water evaporation is a effective, economic and environmental technology. The 
evaporative cooling technology can not work in the humid air, so its popularization is limited in the southern China 
because of the temperature and humidity is high in there. In order to study the applicability of evaporative 
cooling air conditioning in the moderate and high humid areas of China, this paper measures the data and analyzes 
the applicability of evaporative cooling air conditioning in a garment factory of  Xiamen. 
2. Direct evaporative cooling 
The principle of evaporative cooling is to reduce the temperature of the surrounding air through evaporating the 
water. Using the latent heat of evaporating water as a natural driving energy resource, evaporative cooling presents 
an alternative technology which is capable of providing the desired cooling capacity in a sustainable and 
environmentally friendly way and employ air and water as the only working fluids [4]. And major limitations of 
evaporative cooling systems include their high level of depending on ambient air conditions, mainly the difference 
between dry bulb and wet bulb temperature, the utilization of on-site water and the performance efficiency reduction 
when used in humid regions [5,6]. In recent years, scholars research the application of evaporative cooling technology 
continuously. Faleh and Sun propose some suggestions through analyzing the performance of fiber and metal filler, 
[7, 8]. The performance of dust cleaning of direct evaporative cooling has been proven by Li [9]. With its simple 
design, the wet curtain air condition presents an efficient and cost-effective alternative to conventional intensive 
energy consuming, providing thermal comfort and good indoor air quality in hot and dry or moderately humid 
climates especially. 
3. Meteorological date 
Xiamen is the typical southern coastal city, and the climate characteristics is high humid and hot in summer. The 
typical year of changes in parameters of temperature and humidity content in Xiamen as shown in figure 1 and 
figure 2[10]. The most serious date is the lately July and early August, when the highest temperature is 38.5ć and 
average temperature is 36.4 ć[11]. In this paper, the relevant test data come from late July under the condition of fine 
weather. The outdoor design parameters of wet curtain air conditioning in summer are shown in Table 1. 
 
 
Fig. 1. Hourly dry-bulb temperature . 
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Fig. 2. Hourly humidity content  
                                        Table 1. Outdoor calculated parameters of wet curtain air conditioning in summer 
Name of parameter Parameter values  
Location Fujian (Xiamen) 
outdoor design dry-bulb temperature 33.6 ć 
outdoor design wet-bulb temperature 26.7 ć 
outdoor designrelative humidity(Ventilation) 67% 
The average outdoor wind speed 3.0m/s 
Atmospheric pressure 99.992KPa 
4. Equation introduction conditions 
The total area of the tested garment workshop in Xiamen is 750.68m2, and the workshop presents ‘L’ shape. 
Figure 3 shows that the working principle of wet curtain air conditioning, of which the workshop is 34.3 meters long, 
27.6 meters wide and 3.2 meters high. In front and middle of the workshop is the main work space. There are two 
sets of water screen and four axial flow fans in the workshop. Water screens occupied glass window positions which 
made the indoor brightness inadequate. So there are 30 lamps being installed in the workshop which work times 
from 8:00am to 20:00pm. 
 
 
Fig. 3.  Schematic diagram of the wet curtain air conditioning.   
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5. Analysis of temperature and humidity 
The data of the garment workshop using wet curtain cooling system was measured in one of the hottest day in 
July, and the temperature and the humidity data are shown in Figure 4 and Figure 5. When the outdoor temperature 
is 35ć, the temperature of workshop increased gradually from the front to the rear, the main work area of the 
workshop temperature remained under 30.5ć , and existed 4-5ć  gap between indoor and outdoor basically. 
Although the relative humidity successively has been reduced from the front to the rear of the workshop, it still 
remains above 60%. When wet curtain air conditioning system is used, the humidity and temperature of each part of 
the workshop could meet the requirements of GBZ1-2002 "Hygienic standard for design of industrial enterprises". 
 
 
Fig. 4. The change of temperature in the front, middle and behind of the workshop when wet curtain air conditioning system start up. 
 
 
Fig. 5. The change of moisture content in the front, middle and behind of the workshop when wet curtain air conditioning system start up. 
6. Analysis of thermal comfort 
The humidity will increase after air through the curtain, so the production process and human influence need be 
considered. In this paper, the comfort of the workshop is analyzed through the following three comfort indexes. 
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6.1. Air distribution performance index (ADPI) 
The widely accepted and applied design index that quantifies the performance of diffuser when considering the 
spatial uniformity of air velocity and temperature and their contribution to thermal comfort is Air Diffusion 
Performance Index (ADPI) [12]. ADPI is defined as the percentage of occupied zone falling into the acceptable 
velocity and temperature region determined by measuring local Effective Temperature difference. Calculate the 
ADPI values by the following formula [13]. 
ADPI = [(-1.7˘ΔET˘1.1The measuring points)/The total test point]×100%                                         (1) 
Where ΔET is the mean value of effective temperature difference. 
 
By calculating the ∆ET, the ADPI is 82%, which proved that air diffusion performance of workshop can achieve 
the relevant provisions. 
6.2. Thermal comfort index (TCI) 
Physical factors affecting indoor thermal environment is not only connected with the air temperature and relative 
humidity, but also related to the air velocity and the thermal radiation of environment. They exist in certain 
circumstances simultaneously and act on human body to determine whether the person feels comfortable. 
 
TCI evaluates the thermal comfort based on the above four physical factors. TCI is calculated with the following 
regression equation (2) [14]: 
   vT-310.78036360.279P- 0.0968T–0.1T–61.449TCI 1/2avra                                     (2) 
Where Ta is the mean of indoor air temperature, Tr is the mean radiant temperature of indoor interface, PV is the 
water vapor partial pressure in the air and v is airflow velocity. 
 
By calculating, the TCI in the center of the workshop is 2.83. TCI and the relationship between the human 
thermal responses are shown in Table 2[15]. Contrasting to the table 2, the body's reaction is slightly closer to the heat 
rating 
           Table 2. Thermal response grade of bodies  
Thermal sensation Cold  Cool Little cool  comfort warm hot Very hot 
TCI 7 6 5 4 3 2 1 
6.3. Standard effective temperature (SET*) 
ISO[15] indicates that indoor thermal comfort not only depending on human factors (subjective factors) such as the 
body's metabolic rate, the clothes etc, but also taking into account the environmental factors (objective factors) such 
as air dry bulb temperature, air humidity, indoor mean radiant temperature, air flow rate etc. SET* thermal comfort 
index is based on a physiological condition developed, comprehensive considering the objective factors and 
subjective factors, which is more closer to the reality of human body in the true feelings compare to the ADPI and 
the TCI index. Human response to standard temperature is shown in Table 3. Using the equation (3) calculate 
the parameters [16]. 
   SETskeSETskcSETsk PPhSETthQ 5.0* ''  Z                                                                       (3) 
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and then 
5.7153.0*   SETPSET                                                                                                                                 (4) 










cPLn SET                                 (5) 
Where c1 is -5800.2206, c2 is 1.3914993, c3 is 0048680239, c4 is 0.41764768×10-4, c5 is 0.14452093×10-7 and 
c6 is 65459673. 
 
The standard effective temperature 22ć is obtained through the equation (4) and equation (5). Table 3 shows 
that the majority of people feel comfortable in the summer [17]. 
         Table 3. Human response to standard effective temperature 
SET* Thermal  
sensation 
the level of comfort Temperature adjustable of human baby Status of health 
40  Hard to bear Skin can not evaporate water  
 Very heat very uncomfortable  Increase the risk of heat stroke 
 heat uncomfortable   
35     
 worm Little uncomfortable Vascular contraction, increased sweating  
30     
 Little worm  healthy state  
25  No sweat   
 Moderate comfortable   
20     
 cool Little comfortable  mouth parched and tongue scorched 
15  Behavior change   
 cold  Began to shiver Weakened by the systemic circulation 
10 chill uncomfortable   
7. Compare wet curtain and traditional are conditioning on investment and energy consumption. 
According to a clothe workshop in Xiamen which is not strict to the precision of air-condition and the thermal 
comfort, the article take a contrast about economy and energy saving between mechanical refrigeration system and 
wet curtain cooling system in the thermal comfort environment that people can accept. Through table 4, the cost of 
enhancing air speed is lower than decreasing temperature to meet the workers’ thermal comfort needs in a clothe 
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refrigeration system Save 
The proportion 
of save 
Civil investment ( thousand yuan) 0.53 5.51 4.98 90.4% 
equipment investment ( thousand yuan) 6 70 62 88% 
power consumption(MWh) 31.41 72.31 40.9 56.5% 
maintenance cost ( thousand yuan) 1.69 5.26 3.57 67.8% 
8. Conclusions  
Through analyzing the service condition in direct evaporative cooling air condition of a garment workshop in 
Xiamen gets the following conclusions, 1) The wet curtain air conditioning applied in the clothing workshop could 
drop the temperature about 4oC-5oC and maintain the relative humidity between 60%-80% in the clothing workshop. 
2) The thermal comfort index of ADPI, TCI and SET* calculation results show that the front and the center of the 
workshop can meet the thermal comfort requirements of workshop basically. The air temperature of the 
workshop tail is high, but it does not affect the environment of the work area. 3) The traditional mechanical 
refrigeration system using refrigeration room takes up absolute predominance in comfort and stability than the direct 
evaporative cooling system, however, in the measured workshop; the wet curtain cooling system has obvious 
advantages in construction, device investment, electricity and maintenance cost. All the analysis shows that the wet 
curtain cooling system is applicable in workshop which is not strict to the thermal comfort conditions. 
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